SUMMARY
Learning during general anaesthesia in the absence of explicit recall for intraoperative events is being recognized increasingly as a reproducible phenomenon [1] . Previous studies have examined postoperative implicit and explicit recall of sounds, words, phrases and specific and general suggestions presented during operation to apparently adequately anaesthetized patients [2] . Little of the published work on memory during anaesthesia has considered the influence of different anaesthetic agents and a frequent criticism has been the failure to control anaesthetic technique and depth [2] . Using tape recordings of word association phrases coupled with the suggestion of a specific non-verbal response based on earlier tests of implicit memory [3, 4] , we have compared the effects of methohexitone and propofol by infusion on learning during anaesthesia and surgery and with identical infusion rates during sedation in the ICU. The agents were infused at hypnotic doses which, in our experience, provide adequate and haemodynamically well tolerated anaesthesia for cardiac surgery when used to supplement a fentanyl-based technique.
METHODS AND RESULTS
After receiving local Ethics committee approval and informed consent, we studied 44 patients undergoing elective coronary artery bypass surgery. They were allocated randomly to receive either methohexitone 1.5 mg kg" 1 h" 1 or propofol 2 mg kg" 1 h" 1 by infusion to supplement a standardized opioid-based anaesthetic. This comprised premedication with i.m. papaveretum 0.3 mg kg" 1 and hyoscine 0.006 mg kg" 1 1 h before operation, induction with midazolam 2 mg and fentanyl lSugkg" 1 and neuromuscular block produced with pancuronium 0.14 mg kg" 1 . In addition, atracurium 50 mg and droperidol 5 mg were administered on initiation of cardiopulmonary bypass (CPB) and papaveretum 0.2 mg kg" 1 was given immediately after CPB.
After induction of anaesthesia, the trachea was intubated and the lungs ventilated with an airoxygen mixture (FI OJ 0.6) and arterial, internal jugular and peripheral venous cannulae and a urinary catheter were inserted. Continuous monitoring of BRITISH JOURNAL OF ANAESTHESIA arterial pressure, central venous pressure, ECG and core temperature was begun. Arterial blood-gas tensions were monitored by intermittent sampling at set points in the procedure. Patients were maintained normocapnic in the periods before and after bypass and slightly hypercapnic during CPB. Hypothermic CPB was used at a flow index of 2.0 (SD 0.2) litre min" 1 m" 2 with cooling to 30 + 2 °C. Neuromuscular block was not antagonized after operation and ventilatory support was continued in the ICU.
Infusion of methohexitone or propofol at the predetermined rate was commenced within 30 min of induction of anaesthesia and continued at the same rate for at least 2 h after operation in the ICU. The degree of sedation in the ICU was assessed as described by Ramsay and colleagues [5] and, after the infusion was discontinued, the time of first appropriate response to verbal command was noted.
For 20 of the patients (10 propofol, 10 methohexitone) the headphones were positioned after the infusion and surgery had commenced and the tape was then played continuously using an auto reverse player (Toshiba KT-4138). The exposure to the taped message was continued during the operation and for the initial period after return to the ICU. The headphones were removed before discontinuation or adjustment of the hypnotic infusion. The tape consisted of 10 sentences with logical but unusual key words arranged in the following sequence : key word... sentence without word... key word with sentence, for example: "Tar...Makes a mark... Tar makes a mark."
The 10 key word and sentence sequences were followed by a suggestion to the patient to touch either an ear or the chin when interviewed after operation. This set of 10 word association phrases and the suggestion for a specific non-verbal response were repeated 20 times each hour.
The second group of 24 patients (12 propofol, 12 methohexitone) was managed in an identical manner, except that the taped message was started after return to the ICU and was played for 1 h (20 repetitions).
The pre-and postoperative interviewing was identical for all 44 patients. During the preoperative interview, the number of occasions each patient touched their ear or chin, as appropriate, was observed and the purpose of the study was explained, with the exception that the patients were unaware that there was a suggestion for a specific non-verbal response. The postoperative interview was conducted between 36 and 48 h after operation. Patients were asked if they could recall any events which they thought may have occurred during operation and if they could specifically recall hearing any words or messages. They were then asked to say the first word that came to mind after hearing each of the word association sentences without the key word. This primary response was noted, together with observation of ear or chin touching.
The ward staff and the anaesthetist conducting the pre-and postoperative interviews were unaware of the word association key words on the tape.
Control values for the chance association of the key words with the word association sentences were Results of numerical data are expressed as mean (SD) for continuous variables and frequencies of correct responses. The effect of the different anaesthetics on recall was modelled as a logistic regression and tested using the Wald test; odds ratios together with 95 % confidence intervals (CIs) are given. To ensure that the results were not skewed by certain individuals, repeat measures were modelled using a random effects logistic regression and the effects of the anaesthetic techniques tested using the Wald test. The EGRET statistical package was used for the analysis.
Data from one patient in the propofol group were mislaid and have been omitted from the analysis.
There was no difference between the groups in terms of age (methohexitone 60.8 (48-72) yr; propofol 60.4 (52-72) yr), duration of CPB (methohexitone 102.4 (25) min; propofol 92.2 (22) min), total time in theatre (methohexitone 282.7 (38) min; propofol 258.7 (32) min) or interval between cessation of the infusion and response to verbal command (methohexitone 38.8 (37) min; propofol 32.5 (14) min). Sedation in the ICU was to Ramsay Level 6 (asleep, no response to light glabellar tap or loud auditory stimulus) for all patients whilst the study tape was being played.
At the postoperative interview, no patient spontaneously or on prompting, had recall of the intraoperative or early ICU period. In addition, no patient in either study recalled hearing the tape message when asked directly. Of the 20 patients instructed on the tape to ear-touch after operation, none did so. Of the 20 instructed to chin-touch after operation, five did, compared with four at the preoperative interview (ns).
The frequency with which correct key words were given as first response to each word association sentence are displayed in table I. In the patients exposed to the tape during and after operation, assuming that all questions are independent, the propofol group (15/90) were significantly more likely to give the correct word than either the methohexitone group (3/100) (odds ratio 0.15 (0.04-0.55); P = 0.004), or the patients used to give the control values (4/250) (odds ratio 0.08 (0.03-0.25); P< 0.001). There was no significant difference between the frequency of correct responses for the methohexitone group and the control values for the test.
Analysis of word association results by patient rather than group gave a similar result. Adjusting for within-patient correlation, the propofol patients were significantly more likely to give the correct word than either the methohexitone patients (odds ratio 0.19 (0.04-0.98); P = 0.047) or the patients used to give the control values (odds ratio 0.13 (0.04-0.52); P = 0.003), although the size of the effect was reduced slightly.
In the 24 patients exposed only to the word association tape in the postoperative period in the ICU, there was no evidence of subliminal recall of the key words, only one correct answer being given-which is within the control range for the test (table I) . The results for the patients exposed after operation (1/240) were significantly different from those obtained in patients who were exposed to the tape during and after surgery (18/190) (odds ratio 0.08 (0.01-0.68); P = 0.003). This is attributable to the results from the propofol patients (perioperative 15/90 vs postoperative 0/120); there was no significant difference in the results for die methohexitone patients (perioperative 3/100 vs postoperative 1/120).
COMMENT
Our results demonstrate that, in comparison with methohexitone, propofol infusions maintaining a clinically similar degree of hypnosis were associated with a greater incidence of learning of auditory material presented during surgery. Specific behavioural modification in response to intraoperative suggestion (ear or chin touching) however, was not apparent in any of the patients in this study.
As there was no spontaneous or explicit recall for intra-or early postoperative events, and in die absence of evidence of inadequate anaesthesia or sedation, the change in task performance may be attributed to implicit memory [6] for the stimulus presented during surgery with clinically adequate anaesthesia. This supports the view that anaesthesia is a continuous spectrum in which awareness and memory are interlinked in a graded fashion [1] and not an "all or none event" in which both are entirely present or absent.
Block and colleagues [7] demonstrated learning of words during anaesthesia using prompted recall after operation. However, comparing patients anaesthetized with nitrous oxide and isoflurane at different concentrations and those anaesthetized with a nitrous oxide-opioid technique, they concluded that the anaesthetic method or depth may not influence learning during anaesthesia. Our results appear to contradict this, as there was a difference in subliminal recall between two agents with an apparently similar depth of anaesthesia; it may be that the neuropharmacological effects of the i.v. agents infused in our study differ subtly at those sites responsible for memory formation. Alternatively, whilst the doses of methohexitone and propofol used, in conjunction with the other agents administered, provided clinically equivalent and adequate depth, they may not have achieved equivalence if monitored by more sensitive means.
In addition, the presence of implicit recall in some of the patients presented with the stimulus during surgery and the total absence in those presented with the same stimulus after operation whilst receiving the same rate of infusion of hypnotic drug, suggest strongly that the depth of anaesthesia is a balance between die depressant effects of the drugs used and the stimulus presented to the patient. This would explain the learning demonstrated in the surgically stimulated patients and the absence in the less stimulated ICU period.
It is unlikely that the explanation for the difference in implicit recall between the patients who were presented with the tape after operation compared with those who heard it during the operation is related to the number of repetitions, as the former group had the stimulus repeated 20 times during their 1-h exposure.
The results confirm previous studies by demonstrating that auditory perception and recall are possible in patients who are clinically adequately anaesthetized and have no evidence on direct questioning of any explicit recall.
